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ABSTRACT
We have taken K-band spectra covering 7 cooling flow clusters. The spectra show many
of the 1-0S transitions of molecular Hydrogen, as well as some of the higher vibrational
transitions, and some lines of ionized Hydrogen. The line ratios allow us to conclude
that the rotational states of the first excited vibrational state are in approximate
LTE, so that densities above 105 cm−3 are likely, but there is evidence that the higher
vibrational states are not in LTE. The lack of pressure balance between the molecular
gas and the ionized components emphasizes the need for dynamic models of the gas.
The ratios of the ionized to molecular lines are relatively constant but lower than from
starburst regions, indicating that alternative heating mechanisms are necessary.
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1 INTRODUCTION
Cooling flows result when the hot, X-ray emitting, gas in a
cluster is compressed by the gravitational force of the central
galaxy to a density where it can cool in less than the Hubble
time (c.f. Fabian 1994). In many cases 100-1000 M/yr con-
dense out of the hot gas. They present at least two major
unsolved problems: the ultimate fate of the gas after it has
cooled, and the source of the copious optical line emission
in the centre of the flows (Heckman et al. 1989, Voit and
Donahue, 1997: VD97).
A new aspect of both these problems was revealed by
the detection of infrared line emission of H2 molecules from
the centres of several CF clusters (Mouri 1994, Elston and
Maloney 1994, Jaffe and Bremer 1997 (Paper I), Falcke et al.
1998, Genzel et al. 1998). This emission arises from dense
gas at ∼ 2000 K and is not found in similarly radio-loud
AGNs not associated with CFs. Thus it represents prima
facie evidence for “cool” material in cooling flows. Its spa-
tial extent and energetics suggest an intimate association
with the optical line emitting gas (Paper I). High surface
brightness molecular line emission is generally concentrated
within the giant central cluster galaxies (typically in the in-
ner 10 kpc) in a similar manner to the emission from ionised
gas. Both can be considered galactic-scale phenomena, even
though the presence of the gas is statistically correlated with
the presence of a cooling flow on larger scales (Paper I).
We do not yet understand the heating mechanism of
the molecular gas, and cannot accurately estimate the mass
associated with it. The mass in gas at 2000 K is only about
105−6 M but the cooling time from this temperature is
very short, about one year. Without a consistent thermal
model, we do not know whether this represents a minor
mass component (the equivalent of only 1000 years of CF
mass accumulation) that is kept continually warm, or the
tail of a cooler but much more massive molecular dog that
is heated to IR temperatures by shocks, X-rays, or stellar
photoionization.
In this paper we describe new K-band IR spectroscopy
of six cooling flows taken with the United Kingdom InfraRed
Telescope (UKIRT) on 2 and 3 January, 1997. By studying
the ratios between the various lines of H2 and between the
H2 and HII lines we hope to shed light on the thermal state
of the gas, and ultimately on the heating mechanism. The
clusters studied were Abell 0335, 478, 1795, and 2029, Hydra
A, NGC 1275, and PKS 0745-19. They were observed with
the CGS4 detector in the following configuration: 75 l/mm
grating; 256(spectral)× 84(spatial) InSb array; slit size:2”,
spatial scale 1”/pixel, dispersion: .0026µ/pixel.
2 OBSERVATION AND REDUCTION
The observations followed standard IR spectroscopic tech-
niques. Each obervation consists of a series of 60s frames,
